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MORPHOLOGIC CHANGES IN PILOSEBACEOUS UNITS AND ANAGEN HAIRS
IN ALOPECIA AREATA*
EUGENE J. VAN SCOTT, M.D.
The normal growth of scalp hair is a result of a
continuous, rapid proliferation of tissue by the
matrix of the hair bulb and a high degree of
mitotic activity of the cells thereof. The abrupt
loss of hair in alopeeia areata represents an acute
disruption of this normal proliferative process.
The etiologie factors in alopeeia areata are un-
known. The state of the hair bulb and its envi-
romnent in alopeeia areata are not entirely
defined.
Sabouraud (1) made the fundamental observa-
tion that the hair follicles in alopecia areata,
although atrophic, repeatedly attempt to regen-
erate hair and that the hair roots in such eases
otherwise appear normal. He further described
the inflammatory infiltrate surrounding the hair
follicles early in the disease. Dillaha and
Rothman (2) have observed that the hair bulbs
in alopeeia areata lie considerably higher in the
eorium than normal. Walker and Rothman (3)
considered the loss of hair in alopecia areata to
result from faulty adherence of the hair to its
base. In a recent histoehemical study of alkaline
phosphatase in alopecia areata, Kopf and
Orentreich (4) found this enzyme to be active in
the papilla of the normal anagen hair roots of the
scalp. Whereas the enzyme was absent in the
papilla of the telogen hairs, it was found to be
active in the papilla of anagen hairs in persistent
alopecia areata.
The present study deals chiefly with the mor-
phological state of anagen hairs and pilosebaeeous
units in alopeeia areata. Other associated changes
in the skin are described.
MATERIALS AND METHOD S
Biopsy specimens, excised with a 6 mm. punch,
were obtained from areas of alopeeia areata of
the scalp of five women and two men, ranging in
age from 26 years to 45 years. In three of these
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patients a specimen was also obtained from an
adjacent area of scalp which revealed no clinically
detectable abnormality of the hair. Two addi-
tional specimens of the scalp of one patient were
obtained from an area of alopeeia during a period
when hair regrew in response to orally adminis-
tered prednisone; one of the specimens was ob-
tained one week after therapy was begun, and the
second specimen two weeks later following
clinically evident regrowth of hair. In an eighth
patient, a 33-year-old man, biopsy specimens of
skin were obtained from an area of alopeeia of the
beard skin and from adjacent uninvolved skin.
The duration of loss of hair varied somewhat in
the specimens of alopecia selected. One patient
had been completely bald for 15 years. A second
patient had lost the hair 4 years prior to biopsy,
having had no regrowth. The alopecia specimens
of the remaining six eases were from areas which
had been free of clinically evident hair for less
than nine months prior to biopsy.
For comparison with normal skin, biopsy
specimens were obtained from the scalp of one
man and four women, ranging in age from 24 to
57 years, who had no detectable disease of the
scalp.
The biopsy specimens were fixed for 12 to 24
hours in Cajal's uranium nitrate-aleohol-formalin
solution and embedded in paraffin. All specimens
were serially cut parallel to the epidermal surface
into sections 6 j.c thick. Five sets of slides were
prepared from each specimen, each slide set com-
prising every fifth section. The sections of one
set of slides were stained by Gomori's triehrome
method; the four remaining sets were left un-
stained for further studies.
Use of Reconstructed Models
Fourteen balsa wood models, reconstructed by
a method previously employed and described (5),
were made of pilosebaceous units found in biopsy
specimens of both uninvolved and involved scalp
of patients with alopeeia areata. Only those
pilosebaeeous units considered to be representa-
tive of the specimen concerned were selected for
reconstruction. The completed models permitted
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detailed three dimensional visualization of gross
morphological characteristics of the pilosebaceous
units represented.
OBSERVATIONS
The observations are based on a study of 152
hair roots from scalp involved with alopecia
areata, and of 132 roots found in the specimens
of normal scalp and uninvolved scalp of alopecia
areata.
Pilosebaceous units of normal scalp and unin-
volved scalp of alopecia areata: The pilosebaceous
units of normal scalp and of uninvolved scalp
of patients with alopecia areata are essentially
similar in gross morphological features. The
pilosebaccous unit of these specimens consists of
a single hair root, the follicular neck, and a single
sebaceous gland, although occasionally a
specimen may be found to possess no scbaccous
gland (Figures 1, 2). The follicular neck of each
unit is attached to the surface epidermis as an
independent structure. However, the necks of
two or more follicular units may be fused at the
level of the epidermis and share a common orifice
on the surface (Figure 2). Groups of hairs may
therefore be seen to emerge from a common pore,
and may produce the erroneous appearance of
arising from a single follicle. Two or more hair
roots rarely conjoin at the base of a common
follicular neck in skin of the scalp, although this
situation is common in skin of the back (5).
The bulbar portions of anagcn (growing) hair
roots of normal scalp penetrate the lower levels
of the corium directly overlying the subcutaneous
tissue. The average depth of penetration was
found to be 2.89 mm. in the scalp of female
patients, and 4.09 mm. in male patients.
Ninety-eight (74%) of the 132 terminal hair
roots found in the specimens of normal and unin-
volved scalp were found to be in the anagen
phase of the growth cycle. This is less than the
average number (84%) found in a previous study
by examination of roots of hairs manually ex-
tracted from the scalp of patients (6). This
apparent discrepancy may be explained by the
fact that roots of tclogcn (resting) hairs can be
histologically identified even after the hair proper
has been shed. Thus, the proportion of anagcn:
telogcn hairs found by extraction is related to the
population of intact hairs only.
The number of vcllus piloscbaccous units
around a terminal pilosebaceous unit varied.
The depth of penetration was found to be gen-
erally less than 1 mm.
Scalp Involved with Alopecia Areala
Size of pilosebaceous units: The pilosebaceous
units of terminal hairs in alopecia areata were
found to be very much smaller than those of
normal scalp (Figures 3, 5). It appeared that an
early change in alopecia may be reduction in
size of the hair root portion of the unit, below the
scbaccous gland, since this was found to be the
case when hair loss had been of short duration.
At later stages, the upper portion of the unit,
above the sebaceous gland, was also diminished
in size; in most instances the entire unit was only
one-half the size of normal. Following three weeks
of treatment with prednisone, one patient
developed clinically detectable rcgrowth of hair
on previously bare scalp. Her piloscbaccous units
were found to have increased in size (Figures 5,
6, 7). The size of the scbaceous glands of alopccia
areata did not appear to be primarily altered
(Figures 1 tbrough 7), being normally variable.
The schaccous glands in the specimen from the
patient whose hair had been absent for 15 years
histologically appeared to be enlarged. However,
no rcconstructions of the piloscbaceous units of
this specimen were made.
A ma gem hairs: In specimens of scalp of alopecia
arcata, 88 (58%) of the 152 hair roots were found
to be in anagcn phase of the growth cycle. Such
anagen hair roots were present in all specimens.
The hair bulb was found to lie considerably higher
in the affected scalp than in normal scalp, ex-
tending only 2.06 mm. (average for male and fe-
male) below the epidermal surface, in contrast
to the normal depth of about 3.5 mm.
Histology of anagen hair roots in alopecia areata:
It is important to describe certain characteristics
of anagen hair roots in alopecia areata, since a
majority of the hairs in all the specimens of
alopecia were in the anagen phase of growth. In
one case clinically detectable hairs had been
absent for 15 years, yet 75% of the hair roots in
the specimen were in anagen phase.
In normal anagen hair roots of the scalp the
external and internal root sheaths are distinctly
discernible; certain relative thicknesses of one
sheath to the other at various levels of the root
arc generally uniform. The diameter of the hair
shaft proper at given levels is proportionate to
the thicknesses of the sheaths (Figures 8, 9).
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Roots of the hairs in alopecia areata may be
recognized as being in anagen phase by the fact
that cells of the matrix of the hair bulb are in
mitotic division (Figure 10). Furthermore, these
dividing cells give rise to hair tissue (at least,
components of it). The hair sbafts produced were
found to be diminished in both length and girth,
as compared with normal shafts. Keratinization
of the hair was incomplete, the hair shaft being
composed of persistent cellular structures (Figure
12). On the other hand, most anagen hair roots
in alopccia areata remain capable of continuously
producing an apparently normal internal root
sheath (Figure 11). The sheath was intact up to
the level of the sebaceous gland where it became
disintegrated, as in the normal hair follicle. The
external root sheath is variably diminished in
thickness. It fails to form tonofibrils that in
normal follicles extend from cell to cell.
The morphological features and behavior of
anagen hair roots in alopecia areata are similar to
those of a particular stage of early anagen of the
normal hair root. This stage has been identified
in the skin of the mouse as Anagen IV by Chase
et at. (7). In this short-lived transient stage pro-
duction of the internal sheath occurs. The shaft
of the hair formed at this stage is normally small
at first, but rapidly increases in size and becomes
fully keratinized. In alopecia areata, it appears
that the hair bulb is incapable of proceeding
beyond the comparable stage of Anagen IV, as
though the cells of the hair matrix, which would
normally give risc to cortical cells, were
restrained.
Dermal papiltae of hairs in atopecia: The hair
papilla of anagen hairs in alopecia areata were
found to be considerably smaller than those of
normal and uninvolved scalp. It is smaller in
volume, and it contains fewer cells (8). The
decrease in volume was more marked than the
decrease in cell population, however, since the
cells of the papilla in alopecia areata were more
densely packed together than in the normal
papilla. However, the papilla, although dimin-
ished, was found to be present in every follicle
studied. The papilla, and its underlying column
of connective tissue contained variable amounts
of pigment (Figure 13). This apparently is due
to a migration of melanin and melanocytes from
the hair bulb.
Cutaneous perivascutar degeneration in alopecia
areata: Degeneration of perivascular connective
tissue was found in the specimens of involved
scalp in five patients whose alopecia had been
present for less than 9 months. Amorphous-to-
granular degenerative material was present within
the connective tissue stalk which extends down-
ward from the hair papilla, through which blood
vessels course from the subcutaneous level to the
dermal papilla. In some places the lumen of
vessels appeared to be occluded (Figure 14, 15).
Inflammatory infiltrate: The corium surround-
ing the bulb of the anagen hairs in alopecia
areata was infiltrated with a large number of
round cells in all of the specimens in which
alopecia had existed for less than nine months.
In the two specimens in which alopecia had ex-
isted for four years and fifteen years, little or no
infiltration was observed. The inflammatory cells
invade the matrix of the bulb and the external
root sheath of the anagen hairs (Figure 12). The
infiltrate was also present, but somewhat less
severe, in the connective tissue stalk underlying
the hair papilla and in the upper corium surround-
ing the follicular neck.
COMMENTS
The proliferative activity of anagen hair roots
in alopecia areata is not arrested but appears
only to be restrained, remaining in a phase com-
parable to that found in normal early anagen
(Anagen IV).
An inflammatory cellular infiltrate, perivas-
cular degeneration in the connective tissue stalk
of the hair papilla, and diminution of the size of
the hair papilla are associated with the restrained
hair root in alopecia areata. The restraint of the
hair root may be primarily related to these asso-
ciated phenomena.
Normal growth of hair would seem to primarily
depend upon a morphologically and metabolically
intact papilla. The changes observed in the
papilla and its underlying tissues in alopccia
arcata indicate a possible severe interference with
the papilla's normal functions.
SUMMARY
1. Pilosebaceous units of scalp involved with
alopecia arcata were compared to normal units
by means of balsa-wood models reconstructed
from histological preparations.
2. The majority of hair roots in alopecia arcata
arc in a proliferative phase of growth comparable
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to normal early anagen (Anagen IV) and appear
to be restrained from proceeding beyond this
stage.
3. An inflammatory cellular infiltrate, pen-
vascular degeneration in the connective tissue
stalk of the hair papilla, and diminution of
the size of the hair papilla are associated
phenomena.
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PLATE I
Models of pilosebaceous units of human scalp
The models were reconstructed from drawings of direct projections of histological preparations. Ac-
tual models are 75 times normal size. All models shown here were photographed from a fixed focal dis-
tance to facilitate comparison of size. The tallest model (Figure 4) is actually 31 cm. in height. Sebaceous
glands are painted white.
Fiu. 1. Pilosebaceous units of uninvolved scalp of 39-year-old Negro man with alopecia areata. Edo-
sebaceous unit of terminal hair is on the right; unit on the left is of either a small terminal hair or extra
large vellus hair. Each unit consists of a single hair root, follicular neck, and sebaceous gland.
FIG. 2. Pilosebaceous structure of uninvolved scalp of same patient as in Figure 1. Follicular necks
of individual units are fused at the epidermal level and share a common poral orifice. Note that unit
on right has no sebaceous gland.
FIG. 3. Pilosebaceous structure of scalp involved with alopecia areata, from same patient as in Figure
1. Duration of alopecia: three weeks. Atrophy confined to hair root portions, below level of sebaceous
glands.
FIG. 4. Pilosebaceous units of unaffected scalp of 26-year-old white woman with alopecia areata
Fin. 5. Three pilosebaceous units of scalp involved with alopeeia areata, from same patient as in
Figure 4. Duration of alopecia: eight months. Hair roots and follicular necks diminished in size.
FIG. 6. Three pilosebaceous units of scalp involved with alopecia areata, following one week of treat-
ment with prednisone. Same patient as in Figure 4. Little or no change is evident.
FIG. 7. Pilosebaceous units of scalp involved with alopecia areata following three weeks of therapy
with prednisone. Regrowth of hair was clinically evident. Same patient as in Figure 4. Note enlarged
units, particularly hair root portions.
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PLATE II
Photomicro graphs
Fia. S. Cross section through keratogenous zone of normal anagen hair root of 31-year-old white man.
Note size relationships between external sheath (ES), internal sheath (IS), and hair shaft proper. Hair
consists of cuticle (C), cortex (CX), and medulla (M). X 205
FIG. 9. Cross section through normal anagen hair root at level between keratogenous zone and seba-
ceous gland. Scalp of 26-year-old white man. Note size relationships between external sheath (ES),
internal sheath (IS), and hair proper (H). X 235
FIG. 10. Cross section through bulb of anagen hair root of scalp involved with alopecia areata; 26-
year-old white woman. Mitotic figures are evident in matrix (MT). Dermal papilla (P) may be seen in
center of field. X 650
FIG. 11. Cross section through keratogenous zone of anagen hair root of scalp involved with alopecia
areata; 45-year-old white woman. Compare size relationships of external sheath (ES), internal sheath(IS), and hair proper (H) with these structures in Figure S. Internal sheath appears morphologically
normal. X 335
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PLATE Ill
Photomicro graphs
Fin. 12. Cross section through anagen hair root of scalp involved with alopecia areata, at level be-
tween keratogenous zone and sebaceous gland. Hair is diminutive, non-keratinized. Same patient as in
Figure 10. X 335
Fin. 13. Cross section through connective tissue stalk below hair papilla, showing displaced melanin
pigment. Involved scalp of 39-year-old Negro man. X 335
Fin. 14. Foci of granular degeneration within connective tissue stalk below hair papilla. Section is
at level of subcutaneous tissue. Same patient as in Figure 10. X 385
Fin. 15. Section showing perivascular location of granular degeneration within sub-papillary con-
nective tissue stalk. Same patient as in Figure 10. X 355
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